Multiple chronic conditions (MCC) are common among older patients with cancer; however, the exclusion of these patients from clinical trials has resulted in scarce knowledge concerning outcomes, resulting in variations in treatment. Superficial bladder cancer (SBC) disproportionately affects older adults, yet to the authors' knowledge few studies to date have examined whether treatment improves long-term survival. In the current study, the authors evaluated the association between treatment of SBC and 10-year mortality in medically complex older adults. METHODS: The authors identified 1800 older (aged ≥60 years) patients with SBC (American Joint Committee on Cancer stage ≤I) from 2 community-based health systems who received treatment (bladder instillation and/or transurethral resection) or observation. Cox proportional hazards regression was performed adjusting for age, sex, race, health system, stage of disease/grade, and MCC (≥2 baseline chronic conditions). Propensity score analysis using stabilized inverse probability of treatment weights was used to compare 10-year mortality in the 2 treatment groups with adjustment for covariates. RESULTS: Overall, 1485 patients (82.5%) and 315 patients (17.5%) received treatment and observation, respectively. In unweighted multivariable analysis, treatment was associated with a 30% reduction in death (adjusted hazard ratio [HR] 
INTRODUCTION
Greater than two-thirds of cancers are diagnosed in adults aged ≥60 years; this group also accounts for approximately 70% of all cancer deaths.
1,2 A large majority of older adults with cancer have multiple chronic conditions (MCC), which we define as the presence of ≥2 chronic conditions lasting at least 1 year that require ongoing medical attention and/or limit activities of daily living. [3] [4] [5] [6] [7] Among other things, MCC in patients with cancer strongly affect treatment decision making, health care use, and quality of life. [8] [9] [10] [11] [12] Despite the rising prevalence of cancer among older adults, to the best of our knowledge, the majority of treatment and mortality data and clinical practice guidelines are derived from clinical trials that exclude medically complex older adults. 13 This has resulted in a lack of information with which to guide decision making for treatment when older patients with cancer and physicians seek to balance quality of life against survival within the context of MCC. Several professional societies have expressed an urgent need to understand the outcomes of cancer treatment in older adults with MCC to facilitate patient-centered treatment decision making. 14, 15 In older adults, superficial bladder cancer (SBC) is an ideal condition with which to examine the interplay between MCC and cancer treatment, and may potentially inform this dynamic for other cancers. To our knowledge, bladder cancer has the highest median age at diagnosis (73 years) of all cancer sites, and its incidence is projected to increase by 54% by 2030. 2, 16, 17 The increase will disproportionately affect older adults, as evidenced by Surveillance, Epidemiology, and End Results data trends that suggest that the incidence of the lowest stage disease (American Joint Committee on Cancer [AJCC] stage 0a/ Cancer December 1, 2018 low grade) will rise fastest among adults aged ≥85 years. 2, 17 Among the oldest old patients with low-grade SBC, the risk of death from cancer is exceedingly low; however, treatment itself can negatively impact quality of life. 18 Although rates of disease progression and cancer-specific death are low, rates of disease recurrence are high (30%-70%). 19 With a median of 8 chronic conditions, patients with bladder cancer have high rates of medical complexity. 20 Based on current guidelines, the standard treatment of SBC depends on stage of disease and grade. 19 Transurethral resection of bladder tumor (TURBT), the initial treatment, is an ambulatory surgical procedure performed under general anesthesia, which carries risks for older, medically complex adults. Other complications may result from TURBT, such as hematuria and bladder perforation. A recent study from the National Surgical Quality Improvement Project demonstrated that frail older adults undergoing TURBT for large tumors had higher rates of postoperative complications. 21 TURBT and intravesical treatments for bladder cancer lead to changes in urinary function, and for individuals with serious illness, urinary incontinence is considered a "state worse than death." 22, 23 Although the treatment of SBC is associated with reduced rates of disease recurrence and possibly progression, a lack of data regarding the effect on mortality has led to significant treatment variation in older adults. [24] [25] [26] The objective of the current study was to estimate the association between standard SBC treatment and 10-year mortality among older adults with adjustment for MCC. This association was estimated by combining propensity score analysis with proportional hazards regression in a cohort of older patients with SBC derived from 2 large, community-based health systems.
MATERIALS AND METHODS

Data/Study Population
After establishing institutional review board approval and data use agreements at 2 community-based health systems, Geisinger and Kaiser Permanente Northwest (KPNW), we used tumor registry data to identify 1835 older adults (aged ≥60 years at the time of diagnosis) who were diagnosed with SBC (AJCC stage ≤I) between 2003 and 2014. Only individuals with urothelial carcinoma were considered, and 12 patients were excluded due to nonurothelial histology. Individuals with missing followup data also were excluded (23 individuals). The final study population included a total of 1800 patients: 938 from Geisinger and 862 from KPNW ( Fig. 1) . 
Definition of Treatment Groups
We dichotomized the study population into treatment and observation groups. Based on American Urological Association guidelines for the treatment of SBC, we defined SBC treatment as the presence of Current Procedural Terminology procedure codes for TURBT (codes 52204, 52224, 52235, and 52240) and/or intravesical instillation (codes 90586 and 51720) within 6 months of the date of diagnosis. 19 Individuals without treatment-related Current Procedural Terminology codes were assigned to the observation group.
Other Covariates
In multivariable analyses, we controlled for age at diagnosis, sex, race/ethnicity, body mass index, smoking status, and health system (Geisinger or KPNW). Body mass index was determined using height and weight measurements from electronic health record data in the 24 months prior to the SBC diagnosis. In those patients with missing data, diagnosis codes for obesity were used. Individuals lacking height and weight measurements who had diagnosis codes for obesity were classified into the "nonobese" category. Because the prognosis and treatment of SBC are determined by both clinical stage and histologic grade, we developed a categorical measure combining AJCC stage of disease and histologic grade (0A/low grade, 0A/high grade, 0Is/high grade, and I/ high grade) to describe disease severity.
MCC Measurement
From the Agency for Healthcare Research and Quality's Chartbook on MCC and other literature, a total of 48 chronic conditions were selected for analysis. 27, 28 Based on our prior work, all baseline chronic conditions were identified using the Agency for Healthcare Research and Quality's Chronic Condition Indicator and Clinical Classifications Software tools applied to all International Classification of Diseases, Ninth Edition codes from clinical encounters preceding the SBC diagnosis or within 30 days after diagnosis. 20 For individuals diagnosed with SBC in the calendar year of 2003, we limited International Classification of Diseases, Ninth Edition codes to the year preceding diagnosis because of the limited availability of electronic health record data at each site.
When analyzing clinical encounters within the first 30 days after the diagnosis of SBC, we noted that patients were diagnosed with new chronic conditions at a high rate, most likely due to increased health system contact resulting from medical evaluation in preparation for cancer treatment. We considered these chronic conditions as preexisting conditions that were "unmasked" by the SBC diagnosis. For this reason, chronic conditions first identified within the 30-day period after the date of the SBC diagnosis were treated as baseline conditions. MCC was defined as the presence of ≥2 chronic conditions at baseline and codified as a binary variable (yes/no).
Outcomes
The primary outcome variable was time to death within 10 years of diagnosis (ie, overall 10-year survival [OS]). For participants who survived but did not have a full 10 years of follow-up, this was calculated as time from the date of SBC diagnosis to the date of last follow-up listed in the tumor registry. Individuals surviving >10 years were censored at the end of the observation period. For decedents, the outcome was calculated as the time from diagnosis to the date of death.
Statistical Analysis
Demographic and baseline clinical characteristics were compared by treatment status, continuous variables were compared using the Student t test, and categorical variables were compared with a chi-square statistic. Frequencies and percentages of the type of chronic condition and the number of chronic conditions at baseline for all patients, by health system, by status, and by treatment were calculated (see Supporting Tables 1 and 2) .
We used Kaplan-Meier curves to estimate survival time from diagnosis through 10 years among treatment groups. Cox proportional hazards was used to model time to death and was regressed on treatment status and adjusted for age, sex, health system, race, stage of disease/ grade, and baseline MCC. Checks of functional form, linearity, and the assumption of proportional hazards confirmed acceptable compliance.
To balance the measurable confounders that could affect the estimate of treatment on time to death, we performed a propensity score analysis. Logistic regression of treatment calculated each person's propensity for treatment based on age and the following chronic conditions: cataracts, dyspepsia, hearing loss, osteoarthritis, heart failure, hyperlipidemia, thyroid disorder, hypertension, depression, back problems, cancer, anxiety disorders, arrhythmias, chronic sinusitis, diverticular disease of the intestine, irritable bowel syndrome, obesity, and dementia/schizophrenia. These conditions were selected because they exhibited high correlation with treatment Cancer December 1, 2018 using chi-square analyses and a preselected cutoff P value of .05. Diabetes, peripheral vascular disease, and stroke/ transient ischemic attack were included later after checking for balance using the initial inverse probability of treatment weights, a technique used to balance covariates in survival analysis. They then were included in the final logistic regression model and the initial inverse probability of treatment weights was recalculated (see Supporting  Tables 1 and 2 ). Subsequently, we calculated stabilized inverse probability of treatment weights (SIPTW) to stabilize outlier propensity scores. The balance of covariates was verified across quintiles of the SIPTW. 29 In doubly robust analysis, the SIPTW weighting of the multivariable model of time to death included adjustment for age, sex, health system, race, stage of disease/grade, and baseline MCC. 30, 31 A sensitivity analysis using E-values assessed how strong any unmeasured confounder would have to be to eliminate the significance of the association. We calculated E-values for the hazard ratio (HR) and confidence limit closest to one of the treatment effects. 32 
RESULTS
Of the total cohort, 1485 patients (82.5%) received treatment for SBC. Table 1 shows that the mean age of the cohort was 73.6 years, with slightly greater than threequarters of patients being male (78.8%), and the majority were white (97.6%); these trends are very consistent with national demographics for patients with bladder cancer. 33 The patients in the treatment group had higher rates of obesity, had a majority of current/former smokers (74.3%), and more frequently met criteria for MCC (70.4% The median survival time for the entire cohort was 7.8 years (95% CI, 7.31-8.42 years). In an unadjusted comparison, although survival time was found to be higher for the treatment group (8.2 years) compared with the observation group (6.8 years), the difference was not statistically significant (log-rank P=.12) (Fig. 2) . In the unweighted, multivariable Cox proportional hazards models, treatment was found to be associated with a 30% reduction in the hazard of death within 10 years (adjusted hazard ratio [HR], 0.70; 95% CI, 0.58-0.85 [P<.01]) ( Table 2 ). Cancer December 1, 2018 In quintiles of the pseudopopulation created by weighting of the cohort with SIPTW, propensity scores between the treatment and observation groups were comparable. In an unadjusted Cox proportional hazards model with SIPTW weighting to balance the sample, the causal association between treatment and 10-year mortality was a 23% reduction in the hazard of death (HR, 0.77; 95% CI, 0.61-0.98 [P=.03]). Demonstrating consistent results, doubly robust analysis (Table 3) Higher age and severity of disease (stage I/high grade) also were found to be significantly associated with an increased hazard of death. As expected, female sex was protective against death. Neither health system nor race/ ethnicity were found to be significantly associated with death.
Using the method of VanderWeele and Ding, 32 the E-value for the relative risk equivalent to the inverted HR of the doubly robust treatment effect was 1.99, with a lower confidence limit of 1.54. This indicates that the protective effect of treatment on survival potentially could be removed by an unmeasured confounder with a relative risk of ≥1.54, indicating moderate robustness. Cancer December 1, 2018
DISCUSSION
In this large cohort of older, medically complex adults with SBC from 2 community-based health systems, the objective was to determine whether there was a survival benefit associated with cancer treatment within the larger context of MCC. We found that cancer treatment was associated with a 30% reduction in the hazard of death. However, this survival benefit was countered by the strong positive association between baseline MCC and death. Although existing clinical trial data have demonstrated improvement in short-term outcomes such as disease recurrence after treatment of SBC, to the best of our knowledge the current study is one of the few to examine the association between SBC treatment and OS in an older cohort while adjusting for medical complexity by comprehensive accounting of baseline chronic conditions. The majority of new cancers are diagnosed in older adults, most of whom have ≥2 chronic conditions, or MCC. As patients and physicians balance the risks and benefits of treatment within the larger context of MCC, helping medically complex older adults make comprehensive decisions regarding their cancer treatment is especially challenging. Because older adults with MCC are excluded from cancer clinical trials, there are a paucity of outcome data on which to base decision making. To facilitate cancer treatment decision making, an expert panel from the American Society of Clinical Oncology has expressed an urgent need for new tools with which to understand the cumulative effect of MCC on life expectancy to facilitate cancer treatment decision making. 15 The presence of MCC impacts cancer treatment decision making in several important ways: 1) MCC and corresponding treatments may change cancer behavior; 2) treatments may interact with MCC; 3) the presence of MCC may suggest that treatment is too risky; 4) MCC may change treatment outcomes; and 5) MCC may change life expectancy. 8 A prior hospital registry study of 19,268 patients with cancer found that chronic conditions were associated with reduced OS in older patients in a dose-dependent relationship independent of cancer stage. 34 Similar to the current study, patients with urinary system cancers and severe comorbidity had nearly double the hazard of death compared with those without comorbidities (adjusted HR, 1.97; 95% CI, 1.49-2.62).
In addition, older patients with cancer prioritize health-related quality of life, and cancer treatment may affect a patient's ability to engage with activities they enjoy by limiting physical and/or cognitive function. 35 A telephone survey of 1457 older patients with cancer found that higher Charlson Comorbidity Index scores were associated with lower physical health-related quality of life. 36 Because older, medically complex patients with cancer already may be experiencing a compromised quality of life, they tend to make treatment decisions that emphasize health-related quality of life over prolonged survival. 37 The National Comprehensive Cancer Network guidelines for oncology in older adults provide a total of 5 recommendations for patients with bladder cancer. 8 These sparse guidelines originated from only 6 publications, reflecting an overall lack of trial data and of practice-based evidence in the field. In addition, although there is evidence that SBC treatment prevents disease recurrence and possibly progression to advanced disease, to the best of our knowledge randomized clinical trials of treatment of SBC published to date have lacked long-term follow-up and have failed to examine OS as an endpoint. 19, 38 Given this dearth of evidence-based information, physicians and medically complex older adults lack information with which Cancer December 1, 2018 to guide treatment decisions, which may result in either overtreatment or undertreatment due to the treatment-risk paradox. 39 For example, in a population-based study of 23,932 patients with SBC from the Surveillance, Epidemiology, and End Results-Medicare database, an age at diagnosis >80 years and a Charlson Comorbidity Index of ≥2 each were found to be associated with the decreased use of intravesical treatment, which is the standard of care to prevent recurrence of high-grade disease among patients with AJCC stage 0a, 0Is, or I disease. That same study also demonstrated an OS and bladder cancer-specific survival benefit for older adults who received treatment. Corroborating the results of the current study, the survival benefit was offset by an increasing number of chronic conditions. 25 SBC may provide an opportunity to redesign care and decision making into a patient-centered approach that takes into account an individual's MCC profile, goals, and preferences. For older adults with MCC and low-risk SBC, active surveillance is emerging as a new option. 40 In a prospective observational study of 625 patients with SBC, approximately 62% of patients were able to remain on active surveillance for a median of 11.9 months, with none stopping active surveillance due to anxiety. 41 The current study has several notable strengths. To the best of our knowledge, it is one of the few studies to date to examine the association between cancer treatment and mortality in medically complex older adults. Despite the high prevalence of MCC among older patients with SBC, to our knowledge few studies have examined the causal association between cancer treatment and OS in this population. A second strength is that the current study sample was drawn from 2 geographically disparate community-based health systems. The large sample size with long-term follow-up allowed for robust analyses to accomplish the study objective. The E-value indicated that our treatment effect has moderate robustness to unmeasured confounders.
The current study also must be interpreted within the context of certain limitations. We were unable to ascertain why the observation group opted against treatment. We speculate that the choice may have been influenced by variations in practice patterns among urologists, other patient factors (eg, transportation and socioeconomic factors), or insurance coverage. The catchment areas of both health systems cover large geographic areas, encompassing urban and rural populations. KPNW is a closed system, in contrast to Geisinger, which accepts a variety of insurance plans. The current study data did not capture patients with lapses in coverage or who obtained treatment outside of the system. Because we were unable to ascertain the cause of death, we were unable to assess cancer-specific survival. The current study cohort was predominantly white, which, although tracking closely with national demographics for bladder cancer, may limit its generalizability. Last, due to the retrospective nature of the current study, we were unable to assess functional status, which may impact OS. However, because MCC is closely related to functional status, we believe that adjustment for MCC is a reasonable surrogate. We accounted for baseline chronic conditions and, in future work, we will consider examining MCC trajectories and severity.
Conclusions
In the current study of older adults with SBC, many of whom had MCC, we found a clinically meaningful association between cancer treatment and survival benefit. This survival benefit was retained after adjustment for MCC and clinically important patient characteristics. These data provide a foundation for future work aimed at providing guidance to medically complex older adults with SBC as they weigh the risks and benefits of cancer treatment. Future studies will focus on developing patient-centered interventions to incorporate individualized MCC profiles and preferences into cancer treatment decisions. 
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